Objective We aimed to define normal numbers of inflammatory cells in muscle biopsies and to identify the predictive value of isolated muscle pain and increased creatine kinase regarding the diagnosis of myositis.
Methods
We analyzed muscle biopsies of 71 patients using immunostains for CD3 + , CD4 + , CD8 + , CD68 + , major histocompatibility complex class I, perforin, and myeloid-related protein (MRP) 8. Patients were categorized as follows-group 1: myalgia without further clinical or laboratory abnormalities (n = 24); group 2: asymptomatic elevation of creatine kinase (hyperCKemia, n = 26); group 3: myalgia and pathologic EMG findings (n = 9); and group 4: otherwise healthy controls who had malignant hyperthermia susceptibility testing (n = 12).
Results
In the normal muscle biopsy specimens from group 4, mean endomysial macrophage (CD68 + ) density was 21.7 ± 5.6/mm 2 , and perimysial density was 13.0 ± 5.6/mm 2 . Numbers of T-lymphocytes (CD3 + ) were 5 ± 3.5 endomysially and 2.2 ± 3.9/mm 2 perimysially. This was not different from groups 1 and 2. Only group 3 patients had increased mean numbers of perimysial macrophages (24.1 ± 6.3/mm 2 ; p = 0.0005), CD3 + (7.6 ± 4.9/mm 2 ; p = 0.0056), and CD8 + T-lymphocytes (5.4 ± 3.1/mm 2 ; p = 0.0008) and displayed the activation marker MRP8 in all cases. Although inflammatory cells were increased in the perimysium in group 3, histology did not fulfill the criteria for dermatomyositis, polymyositis, or inclusion body myositis.
Conclusions
Normal muscle contains a considerable number of macrophages and T-lymphocytes. Muscle biopsy is likely to detect inflammatory changes in patients with myalgia or hyperCKemia only if pathologic EMG findings are present.
Muscle pain is a common complaint in clinical practice. Sometimes, an underlying myopathy or myositis is suspected, and patients are referred to a specialized center for neuromuscular diagnostic workup. Similarly, patients with isolated elevation of serum creatine kinase (hyperCKemia) may be referred for diagnostic workup of myopathy or for malignant hyperthermia (MH) susceptibility testing. 1 If clinical examination and EMG findings are normal, making a diagnosis in these patients can be difficult, and muscle biopsy may be performed. After exclusion of metabolic or mitochondrial myopathy or muscular dystrophy, immunohistochemistry may identify inflammatory cells and thus possibly detect myositis.
Although there are precise clinical and histologic criteria for the diagnosis of polymyositis, dermatomyositis, and inclusion body myositis, 2 sometimes, inflammatory infiltrates are found in muscle biopsies, which do not fulfill either of these criteria. Some of these may be diagnosed as "interstitial myositis," in particular, in the context of collagenoses. 3, 4 So far, normal limits for the presence of lymphocytes and macrophages in muscle serving to establish inflammation in a muscle biopsy still need to be defined. Our study therefore aimed at (1) determining the numbers of T cells and macrophages in normal muscle and (2) evaluating the frequency of myositis in patients with isolated muscle pain or hyperCKemia. In particular, we used markers for T-cell and macrophage subtypes, with the hypothesis that subtype profiles might be different between groups.
Methods
Standard protocol approvals and patient consents Patients were recruited retrospectively from our histology database. All patients who had a muscle biopsy for diagnostic reasons between 1996 and 2006 were eligible (n = 1,065). Tissue sampling and analysis was approved by the Ethics Committee of the Würzburg Medical Faculty. Written informed consent was obtained from all participants.
Patients
Inclusion criteria for the study were as follows: (1) myalgia without further clinical or laboratory abnormalities, (2) asymptomatic hyperCKemia, (3) myalgia with and without hyperCKemia and pathologic findings in EMG, and (4) asymptomatic (negative testing for MH susceptibility to the University Department of Anesthesiology). 5 Exclusion criteria were the presence of pareses, any other diagnosis of myopathy by clinical and histologic examination (including histochemistry and immunohistochemistry for metabolic and hereditary disorders), positive genetic testing for myotonic dystrophy type 2, a history of statin use, recent immunization into an affected muscle, and any laboratory abnormalities other than hyperCKemia that were possibly related to the complaints. We used biopsies from patients with definite polymyositis (n = 4), dermatomyositis (n = 5), and inclusion body myositis (n = 4) as positive controls for histology. Diagnoses were based on published standard criteria. 2 For each patient, the following clinical and laboratory data were considered: age, clinical symptoms, routine serum chemistry including CK levels, C-reactive protein, erythrocyte sedimentation rate, whole-blood and differential cell counts, serum electrolytes, renal and liver function tests, thyroid function tests, autoantibodies (all: antinuclear antibodies, anti-neutrophil cytoplasmic antibodies, rheumatoid factor, Anti-Sjögren'ssyndrome-related antigen A, Anti-Sjögren's-syndrome-related antigen B, and Jo-1; from 2000: signal recognition particle, Mi-2 alpha and beta, PL-7, PL-12, and Ro-52, immunology laboratory of Universitätsklinikum Würzburg and Euroimmun, Lübeck, Germany), and EMG recording. None of the patients was treated with immunosuppressive drugs including corticosteroids or immunomodulators at the time of biopsy. None of the patients' medical history showed relevant comorbidities at the time of presentation, particularly no evidence of rheumatologic, infectious, metabolic, or endocrine disorders.
EMG
Concentric needle EMG of deltoid, biceps brachii, anterior tibial, and rectus femoris muscles was performed. EMG was classified as "myopathic" if amplitudes of motor unit potentials were abnormally low, duration was shorter than laboratory normal values, and recruitment of motor units was increased.
Histology and immunohistochemistry
Muscle biopsy specimens were obtained for diagnostic purposes with informed consent. Open muscle biopsies were taken from a muscle selected following clinical or EMG criteria under local anesthesia. To avoid EMG-associated artifacts in biopsy specimens, the contralateral limb was selected for biopsy. In MH testing, the vastus lateralis muscle was biopsied according to standard protocols for the in vitro contracture testing. 6 Routine histology and histochemistry were performed, including the following stains on 10-μm cryosections: hematoxylin and eosin (H&E), Elastica van Gieson, modified Gomori trichrome, succinate dehydrogenase, nicotinamide-adenine dinucleotide, adenosine triphosphatase (ATPase), periodic acid-Schiff, oil red, acid phosphatase, cytochrome oxidase, and myophosphorylase activity, as well as dystrophin, sarcoglycan, caveolin-3, and dysferlin immunohistochemistry. For immunohistochemistry, flash-frozen muscle biopsy specimens were cut into 10-μm cryostat sections. Unspecific binding in acetone-fixed, air-dried sections was blocked for 30 minutes in 10% normal bovine serum, and sections were then incubated with primary antibodies (supplemental table 1, links.lww.com/NXI/A101) or Glossary ATPase = adenosine triphosphatase; H&E = hematoxylin and eosin; hyperCKemia = elevation of serum creatine kinase; MH = malignant hyperthermia; MHC = major histocompatibility complex; MRP = myoloid-related protein.
corresponding nonimmune immunoglobulin G (IgG) isotype controls, diluted in 1% normal bovine serum at 4°C overnight. Thereafter, a biotinylated secondary antibody (anti-mouse IgG [H + L], Vector Laboratories, Burlingame, CA) and avidinbiotin-horseradish peroxidase complex (DAKO, Hamburg, Germany) were applied before incubating and staining with diaminobenzidine-HCl and H 2 O 2 . The specificity was controlled by omission of the primary antibodies.
Quantification of immunohistochemistry/ histochemistry
The stained tissue sections were analyzed using an Olympus BH2 microscope by an observer blinded to the identity of the slides. Endo-and perimysial immunoreactivity was evaluated across 5 visual fields in a magnification of ×200 in each biopsy specimen, including 1 visual field that contained a larger blood vessel. The total number of immunoreactive cells was counted in a prespecified area of interest (1.25 mm 2 ) and expressed as number of cells/mm 2 . Evaluation was performed for CD8 + , CD4 + , CD3 + , and CD68 + cells separately in the endo-and perimysium as shown in figure 1 . To compare the immunoreactivity for major histocompatibility complex (MHC) I, perforin, and myeloidrelated protein (MRP) 8 between the biopsy specimens, a semiquantitative grading system was introduced as follows: no expression, 0; infrequent and weak expression, 1;
Figure 1 Analysis of inflammatory cells in muscle biopsies
(A) Pattern of analysis with evaluation of endo-and perimysial immunoreactivity separately for each group (1-4) and positive controls (B-I) Dot blots showing the comparison of muscle biopsies from patients with myalgia only (group 1, n = 24), hyperCKemia only (group 2, n = 26), myalgia and pathologic EMG (group 3, n = 9), and normal muscle biopsies from asymptomatic MH-negative patients (group 4, n = 12) concerning the frequency of CD3 + , CD4 + , and CD8 + T-lymphocytes and of CD68 + macrophages (immunoreactive cells/mm 2 ). Biopsies of patients with dermatomyositis (DM) (n = 5), polymyositis (PM) (n = 4), and inclusion body myositis (IBM) (n = 4) were used as positive controls. The central horizontal bars denote the median value. **p < 0.01; ***p < 0.001. DM = dermatomyositis; IBM = inclusion body myositis; PM = polymyositis.
restricted and moderate expression, 2; and extensive and strong expression, 3. The same grading was used for acid phosphatase stains.
Statistical analysis
For group comparison, a one-way analysis of variance without assuming Gaussian distribution (Kruskal-Wallis test) was used with post-tests in case of overall significance (Dunn multiple comparison as post-test). p < 0.05 was considered statistically significant. * indicates p < 0.05, ** indicates p < 0.01, and *** indicates p < 0.001. GraphPad Prism 5.0 software (San Diego, CA) was used for all calculations.
Data availability
The data that support the findings of this study are available upon request from the corresponding author, sommer@uni-wuerzburg.de.
Results

Patients
Of 1,065 patients with muscle biopsies between 1996 and 2006, 76 met our inclusion criteria. Five cases had to be excluded because of evidence of rheumatologic and endocrine disorders that might be related to myalgia, which resulted in 71 cases for final analysis. Demographic and clinical data are presented in table 1. We identified 24 cases in group 1 (myalgia only), 26 cases in group 2 (asymptomatic hyperCKemia), 9 cases in group 3 (myalgia and pathologic EMG), and 12 cases in group 4 (asymptomatic individuals who had MH susceptibility testing). In the whole sample, age at biopsy ranged from 6 to 72 years (mean 36.0 years). Muscles biopsied were vastus lateralis (n = 53), deltoid (n = 9), gastrocnemius (n = 5), and biceps brachii (n = 4); no biopsy was taken from muscles previously examined by needle EMG.
Patients with myalgia (group 1, n = 24) complained of pain at rest (n = 14) or pain during or after exercise (n = 10). The neurologic examination and CK levels and EMG were normal. The 26 patients composing group 2 had been referred because of persisting or recurrent asymptomatic hyperCKemia (range 300-20.000 IU/L, median 500 IU/L; laboratory upper limit of normal, 190 IU/L). None of these patients was using drugs known to increase CK. All of them had normal clinical, laboratory, and EMG results. Group 3 consisted of 9 patients with myalgia and, contrary to group 1, pathologic EMG findings. Six patients had muscle pain at rest, 3 from pain during or after exercise. Six of the patients in group 3 had hyperCKemia (range 350-3,000 IU/L, median 700 IU/L). EMG revealed a myopathic pattern in all 9 cases; 1 patient also had abnormal spontaneous activity in the form of positive sharp waves. Group 4 consisted of 12 patients who had been referred to the laboratory for MH susceptibility testing because of personal or family history of complications during anesthesia and who had normal CK levels and no signs or symptoms of muscle disease. All 12 patients were tested MH negative by an in vitro contracture test. None of them showed abnormalities in clinical, laboratory, and EMG features tested.
Patients with definite dermatomyositis (n = 5), polymyositis (n = 4), and inclusion body myositis (n = 4) were used as positive controls for histology. Their age ranged from 31 to 73 years. Eight patients had myalgia (62.0%), and CK levels were increased in 5 cases (range between 400 U/L and 3,000 U/L). EMG was abnormal in all cases showing a myopathic pattern 11/13 and abnormal spontaneous activity in the form of positive sharp waves in 3/13.
General pathology of the muscle specimens None of the biopsies from groups 1-4 provided evidence of endo-or perimysial pathology, unless specific stains for inflammatory cells (see table 2) were considered. Abbreviations: CK = creatine kinase; DM = dermatomyositis; IBM = inclusion body myositis; MH = malignant hyperthermia; PM = polymyositis; R = symptoms at rest, E = symptoms at exercise. figure 1 ).
T-lymphocytes and macrophages in normal muscle
The 12 biopsies from MH-negative patients without hyperCKemia
Inflammatory cells in myalgia with pathologic EMG findings
Patients with myalgia (group 1) did not show increased numbers of macrophages and T-lymphocytes compared with controls (group 4), neither did patients with asymptomatic hyperCKemia (group 2). In contrast, in biopsies of patients with myalgia and pathologic EMG findings (group 3), the number of perimysial macrophages was about double compared with controls (p < 0.01). Most macrophages were scattered between muscle fibers; small macrophage clusters were seen in 3/9 cases. Furthermore, group 3 showed 3-fold increased numbers of perimysial CD3 + T-lymphocytes compared with controls (p < 0.05; table 2 and figure 1) .
Subtyping of inflammatory cells
Because total numbers of inflammatory cells did not differ between biopsies of controls and patients with isolated myalgia or asymptomatic hyperCKemia, we asked whether subtyping of T-lymphocytes and macrophages might differentiate between the groups. We therefore characterized T-lymphocytes by additional immunostaining (CD4 + and CD8 + ). The findings are shown in table 2 and figure 1. In summary, only perimysial CD8 + T-lymphocytes in muscle of patients with myalgia and pathologic EMG findings (group 3) were increased (6-fold, p < 0.01) compared with controls (group 4). There was no difference in subtypes of T-lymphocytes between all other groups.
Expression of MRP8, a marker of activated macrophages, was weakly detected in 1 control (group 4; 8%), in 8 of 24 patients with myalgia (group 1; 33%), and in 7 cases with asymptomatic hyperCKemia (group 2; 27%). In contrast, all biopsies of patients with myalgia and positive EMG findings showed immunoreactivity for MRP8 (n = 9; group 3). Positive controls had moderate to high levels of MRP8 expression (table 3) .
Acid phosphatase was strongly present in the positive controls, markedly present in endomysial cells of group 3, but only in single cells or not at all in groups 1, 2, and 4 (data not shown). Because perforin has been identified as a mediator of CD8 cytotoxicity in inflammatory myopathies, 7 we also used perforin immunohistochemistry in our samples. Perforin was not present in control patients (group 4), was present in 1 patient each in groups 1 and 2 (4%), and in 3 cases with myalgia and positive EMG findings (group 3) (33%), as well as in most of the positive controls (table 3) . Abbreviations: DM = dermatomyositis; E = endomysial; IBM = inclusion body myositis; MH = malignant hyperthermia; N = number of patients; P = perimysial; PM = polymyositis. Given are the mean numbers (±SD) of positive cells for the respective antibodies.
MHC I immunoreactivity as an indicator of myositis
MHC Class I molecules may be involved in initiating and maintaining the pathologic condition in myositis. 8, 9 Accordingly, in muscle tissue of the positive controls with inflammatory myopathies used as positive controls, most fibers and inflammatory cells expressed MHC I. In contrast, histologically, normal muscle fibers in group 4 did not express detectable levels of MHC I; as expected, only endothelial cells stained positively (figure 2). There was no MHC I expression in cases with myalgia (group 1) and cases with asymptomatic hyperCKemia (group 2). We could detect weak expression of MHC I only in 1 of 9 cases with myalgia and pathologic EMG findings (group 3, table 3). This was a 40-year-old man with myalgia during exercise for more than 10 years. He had no other pathologic findings in clinical and routine histologic results.
Inflammatory cells in patients with myalgia and pathologic EMG Because group 3 with myalgia and pathologic EMG was the only subgroup with indicators of possible myositis, data of these patients will be summarized here. These patients were not different from the whole group regarding duration of disease, age, or sex. One patient had mild gynecomastia with normal hormonal blood levels, and 1 patient had wellcontrolled type 2 diabetes. Six of the 9 patients also had hyperCKemia. On a group level, there were increased perimysial macrophages (p < 0.01), perimysial CD3 + T-lymphocytes (p < 0.05), and CD8 + T-lymphocytes (p < 0.01) compared with controls. Small clusters of macrophages were found in 3/9 patients. Expression of MRP8 was detected in all 9 biopsies, perforin in only 3. MHC I expression was found in 1 biopsy only. Clinical data, therapy, and response to therapy for patients in group 3 are shown in supplemental table 2, links.lww.com/NXI/A100. Eight patients were treated with a trial course of corticosteroids. Of the 5 patients with follow-up data, 3 had a good and 1 a moderate response on myalgia within the next 6 months. One patient had arthritis 1 year later and was diagnosed with a mixed collagenosis, another patient developed interstitial lung disease 5 years later, and Jo-1 syndrome was diagnosed.
Discussion
Our study aimed at defining normal values for T-lymphocytes and macrophages in skeletal muscle. Based on these normal values, we investigated the frequency of myositis in patients with (1) isolated myalgia, (2) isolated hyperCKemia, and (3) with myalgia and pathologic EMG findings. In our cohort, numbers of T-lymphocytes and macrophages in patients with hyperCKemia or myalgia did not differ from normal controls. Importantly, normal muscle contains a considerable number of macrophages and T-lymphocytes. However, MHC I on muscle fibers, markers of macrophage activation (MRP8), or perforin expression by T cells are absent in normal muscle. Immunohistochemistry revealed an increased number of perimysial macrophages, CD3 + T-lymphocytes, and CD8 + T-lymphocytes only in the subgroup of patients with myalgia and pathologic EMG findings. This subgroup also had increased expression of MRP8, indicating recent immune activation, while most of the macrophages in the other subgroups can be considered inactive.
In our study, muscle biopsy detected inflammatory infiltrates in patients with myalgia if pathologic EMG findings were present, but not in patients with isolated myalgia or hyperCKemia. Similarly, definite muscle pathology was reported in only 2% of 240 patients who underwent muscle biopsy for evaluation of isolated myalgia. 10 Others found an abnormal EMG in 2 of 180 patients with isolated myalgia, and muscle biopsy showed mild pathologic changes in only these 2.
11 In contrast to this finding and to our study, others found abnormal muscle biopsies in 55% of patients with asymptomatic or minimally symptomatic hyperCKemia, 10 or even abnormal biopsy findings in 79% of their patients with myalgia and normal EMG. 12 In 1 study, the authors were able to make a diagnosis from muscle biopsies in approximately one-third of 109 patients presenting with myalgia. 13 Others, like our study, support a stronger positive predictive value of an abnormal EMG predicting an abnormal biopsy in up to 100%.
14 Of interest, these authors found an abnormal EMG in 14 of 19 patients with hyperCKemia, which is a higher ratio than in our study, in which none of the patients with isolated hyperCKemia had an abnormal EMG. Both extremes may be due to the small sample sizes.
CK levels increased by at least 5 to 10 times have been suggested to be predictive of a specific diagnosis by muscle biopsy, 15, 16 especially in patients younger than 24 years. Thus, 1 reason for the normal histologic findings in our patients with hyperCKemia may be the lower levels of CK elevation. Several studies found a relatively high amount of biopsies with the so-called heterogeneous nonspecific myopathic abnormalities such as increased fiber size variation, occasional cell necrosis, or abnormalities of the intermyofibrillar network. 1, 10, 12, 15 Apart from the study by Filosto et al., 10 no other work investigated the expression of MRP8 and MHC I; therefore, weak inflammation in those slightly abnormal biopsies might not have been detected.
In the biopsies with an increase in inflammatory cells, these inflammatory changes were not sufficient to make a diagnosis of dermatomyositis, polymyositis, or inclusion body myositis according to standard criteria. 2 Inflammatory cells were scattered in the endomysium; relevant parenchymal changes such as fiber necrosis, fiber atrophy, and perifascicular atrophy were not seen. This type of inflammatory process has been named interstitial myositis when described in the context of collagenoses, 3 systemic vasculitis, 17 or in focal myositis. 11 In our cases showing this pattern, there was no evidence of collagenosis or other relevant comorbidities, and pathologically altered muscle fibers were completely missing. In particular, the absence of MHC I (observed in all but 1 case) indicates that the immunobiology of the muscle fibers appears to be normal. Whether this type of interstitial myositis represents an abortive form of a classical myositis syndrome or an entity of its own remains to be shown.
Our study has weaknesses inherent in its retrospective design. While histology, immunohistochemistry and their evaluation were performed in a strictly standardized way by a blinded investigator, this cannot be said for clinical investigation and EMG recordings, since the latter were taken from patients' charts. Furthermore, follow-up data are not available for most of the patients. In addition, the negative biopsy findings in some patients may be due to a sampling error. The response of myalgia to corticosteroids can be unspecific. Taking these caveats into account, our study allows the following conclusions: (1) T cells and macrophages are present in skeletal muscle under nonpathologic conditions but are not accompanied by indicators of immune cell activation or muscle fiber pathology/reactivity (especially MHC I). Thus, the mere appearance of immune cells in muscle biopsy specimens must not be overinterpreted. (2) Muscle biopsy is unlikely to detect a specific pathology in patients with (1) isolated myalgia or (2) isolated hyperCKemia or (3) the combination thereof, unless the EMG shows alterations suggestive of myopathy. Patients with myopathic EMG features and the histologic finding of interstitial myositis (perimysial macrophages, T cells, partly markers of activation) may benefit from immune therapy; yet, this will need to be studied in controlled trials.
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